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Drought is a major climatic risk resulting from complex interactions between the atmosphere, the continental 

surface and water resources management. 

Traditionally, drought can be classified into four distinct types :

Meteorological drought: precipitation deficit.

Agricultural drought: soil moisture deficit.

Hydrological drought: deficit in runoff, groundwater, or total water storage.

Socioeconomic drought: which occurs when the demand of economic goods or services exceeds supply as a 

consequence of meteorological, hydrological, and agricultural droughts.

Recent studies show that drought is increasing in frequency and severity due to the changing climate. 

Mediterranean is among the most sensitive areas to climate change and thus droughts and its consequences are 

expected to exacerbate in the future. 

Context



Remote Sensing of Drought From a Climatological Perspective (AghaKouchak, et al. 2015): 

Precipitation: meteorological drought (e.g. SPI)

Soil Moisture: agricultural drought

Groundwater and Terrestrial Water Storage: hydrological drought

Evapotranspiration

Snow

Remote Sensing of Drought From an Ecological Perspective:

Vegetation indices

AghaKouchak, A. et al. (2015), Remote sensing of drought: Progress, challenges and opportunities, Rev. Geophys., 53, 452 – 480, doi:10.1002/2014RG000456.

Context

MicroWave MicroWave/Thermal IR Fluorescence Optic



The Standardized Precipitation Index (SPI) is the most used indicator worldwide for meteorological droughts. The SPI 

measures precipitation anomalies for an accumulation period of interest (e.g., 1, 3, 12, 48 months).

SPI-1 to SPI-3: computed for shorter accumulation periods is an indicator for immediate impacts such as reduced 

soil moisture, snowpack, and flow in smaller creeks. 

SPI-3 to SPI-12: computed for medium accumulation periods indicator for reduced stream flow and reservoir 

storage.

SPI-12 to SPI-48: computed for longer accumulation periods is an indicator for reduced reservoir and groundwater 

recharge.

Context



Current drought observation 

warning systems, offer maps 

of a combined drought index, 

derived from different data 

sources (meteorological and 

satellite measurements and 

models).

Context



Current Drought Monitoring at the Ebro Basin



High Resolution Surface and Root-Zone SM

SMOS/SMAP Dispatch disaggregation in combination with

thermal/optical data S3/MODIS (Merlin et al. 2013, Stefan et 

al. 2021

Data
From surface to root-zone soil 
moisture derived from L-band 
MW

Temporal 
coverage

since 2010

Spatial coverage Global

Temporal
resolution

every 1/2 days

Spatial resolution 1 km

Delivery WMS, FTP, direct download



Drought Index

𝑆𝐷(𝑗) =  

100 ∗  
𝑆𝑀 𝑗 − 𝑚𝑒𝑑𝑖𝑎𝑛 𝑆𝑀 𝑗

max 𝑆𝑀 𝑗 − min 𝑆𝑀 𝑗
 , 𝑖𝑓𝑆𝑀 (𝑗) > min 𝑆𝑀 (𝑗)

100 ∗ 
𝑆𝑀 𝑗 − 𝑚𝑒𝑑𝑖𝑎𝑛 𝑆𝑀 𝑗

median 𝑆𝑀 𝑗 − min 𝑆𝑀 𝑗
 , 𝑖𝑓𝑆𝑀 (𝑗) > min 𝑆𝑀 (𝑗)

Anomaly

SMDI



Drought monitoring Ebro basin

https://accwa.isardsat.space/eo-products/



Drought monitoring Ebro basin

https://accwa.isardsat.space/eo-products/



Drought monitoring Ebro basin

https://accwa.isardsat.space/eo-products/



Validation: comparison with other indices
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Validation: comparison with other indices



Spatial resolution 



OSTA and OSAP Drought Observatory



OSTA Validation



OSTA Drought Observatory



Weekly drought monitoring

RS data allows generating weekly series that provide better detail of the temporal variability

evolution in weeks

evolution in months

The soil moisture conditions and evapotranspiration can quickly change especially in high-energy climates (such as the 
Mediterranean). A weekly scale depicts severity better. 

SPI-3 
monthly

SMDI 
monthly

SPI-3 
weekly

SMDI 
weekly

Gaona et al. 2020



Impact on yield

Yield vs SM anomaly

Potential of remote sensing to study the influence of drought in the vegetative cycle of cereals in semi-arid 

regions: study area Kairouan plain Tunisia and Catalonia Spain Khlif et al. in preparation
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Conclusions

Long term availability (12+ years) of Remote Sensing Soil Moisture data enables climatic analysis such 

as drought monitoring at 1km spatial resolution and at the weekly temporal scale

Drought monitoring at 1km spatial resolution is needed to fully capture regional drought events and 

their intensity

SM anomalies can provide a comprehensive view of drought conditions at 1km scale over large river 

basins

Different indexes tested, for vineyard irrigation advice a quantitative analysis showed that Root Zone 

Soil Moisture indexes are preferred.

Weekly drought monitoring depicts severity better.

Very high correlation between yield on dryland crops and soil moisture anomaly 3 months ahead of 

harvest.
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